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Summary
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Introduction
Feeding supplements with a high concentration of protein has been shown to increase intake and digestion of low-quality forages. In contrast, feeding supplemental carbohydrate (CHO) in the form of starch has been shown to decrease intake and digestion of low-quality forages . The use of byproduct feedstuffs in supplementation programs has increased the use of nonstarch CHO sources, which may have different effects on lowquality forage utilization compared to starch. Recent research at KSU demonstrated that the main dietary constituent limiting the use of low-quality tallgrass prairie is degradable intake protein (DIP) and subsequently defined the amount of DIP required to maximize intake and digestion of such forage. However, it is unclear how different amounts and types of supplemental CHO might affect DIP use and (or) "requirement". Therefore, this study was designed to evaluate the effects of various CHO sources and DIP level on intake and digestion of tallgrass-prairie hay.
Experimental Procedures
Thirteen ruminally fistulated Angus x Hereford steers (average BW = 580 lb) were used in a 4-period, 13-treatment, incomplete Latin square. The treatments were arranged in a 2x3x2 factorial plus negative control (no supplement). Supplement treatments consisted of two levels of DIP (sodium caseinate; .031 and .122% BW) and three CHO sources (starch, sugar, and digestible fiber) at two levels (.15 and .30% BW). Supplements were placed directly into the rumen once daily prior to feeding prairie hay (5.7% CP, 74.9% NDF) at 130% of the previous 5-day average intake. The sugar fed was a monosaccharide (dextrose), and the fiber was a commercially prepared oat fiber (treated with alkaline hydrogen peroxide) that was highly digestible. The experimental period consisted of an 11-day adaptation followed by a 7day intake and total fecal collection period. Feed offered, feed refused, and fecal output measured during that period were used to calculate organic matter (OM) and neutral detergent fiber (NDF) digestibilities.
Results and Discussion
Results are shown in Table 1 . In general, DIP supplementation increased forage and total diet intakes and digestion, although response varied somewhat with CHO source. Forage and total diet OM intakes were not affected by increasing level of DIP when starch was the CHO source. However, OM and NDF digestion and total digestible OM intake (TDOMI; a measure of overall energy intake) were enhanced by increasing level of DIP for steers fed supplemental starch. Increasing DIP when dextrose or fiber was infused increased hay and total diet OM intakes, as well as OM and NDF digestion and TDOMI. The highest level of DIP supplementation was designed to provide sufficient total dietary DIP to maximize forage intake and digestion in the absence of supplemental CHO . Our results indicated that increasing the amount of supplemental DIP up to this approximate "requirement" (about 11% of TDOMI) resulted in increased TDOMI regardless of the type of supplemental CHO fed. However, TDOMI differed among CHO sources at the highest level of DIP supplementation, suggesting that the amount and type of supplemental CHO are important factors to consider when planning an approach for delivering supplemental DIP.
Increasing the amount of supplemental starch within both DIP levels decreased forage intake , as well as OM and NDF digestion. Increasing the amount of a highly digestible CHO like starch typically results in conditions in the rumen that are unfavorable for forage digestion. This decrease in digestion coupled with decreased forage intake resulted in less TDOMI (i.e., less energy intake). Increasing the amount of supplemental dextrose or fiber within a DIP level decreased forage intake, but neither OM and NDF digestion nor TDOMI were greatly affected. Increasing the amount of supplemental digestible fiber had minimal effects on digestion, possibly because this CHO source is similar to the forage and, therefore, is unlikely to result in ruminal conditions adverse to forage digestion. Similarly, the fundamental source of microbial energy from digested forage (glucose) is the same as that provided by the dextrose (d-glucose). This may have circumvented some of the negative effects of starch on fiber digestion by avoiding use of a substrate that is preferentially used by amylolytic (starch-digesting) bacteria. Amylolytic bacteria are highly competitive with fibrolytic (fiber-digesting) bacteria and, with adequate starch availability, can reduce ruminal ammonia available for fiber digestion.
Our results suggest that supplemental DIP will improve low-quality forage utilization. All three sources of supplemental CHO decreased forage intake; however, the effects on OM and NDF digestion were dependent on the CHO source and the amount of supplemental DIP provided.
